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Analysis of crime data can provide vital statistical evidence that can be applied in real life 
investigations. For this purpose, statistical reports published from the government can be a vital 
component in the investigation. A number of North Macedonian reports published by the State 
Statistical Office (SSO) have been used as complementary data to be used together with a 1982 
point data set on crime data from successful fingerprint identification in Macedonia provided 
by the Bureau of Public Security (BPS) in the Ministry of Internal Affairs. Variables included in 
the data set included Crime committed, municipality of incidence, establishment where the 
crime was committed, item where prints are found, finger source of print and anonymised code 
for the perpetrator’s name. Crime data from state published reports and BPS provided data set 
are reviewed for initial patterns that could be further investigated and found a decreased 
overall total reported crime as well as crime rate for the country with crimes against properties 
dominating the highest proportion of total reported crime. Analysis of the crime data reflects 
this trend with severe theft or commonly known as burglaries making up 85% of all crimes. 
Offender data from BPS data set reveals 45% (888) of crimes were committed by single 
perpetrators whereas 304 individuals were responsible for the remaining 1094 crimes. 
Substrate types of lifted fingerprints for data set is also analysed revealing a large proportion of 
evidence types having a glass component, with windows and doors also a common target for 
fingerprints. 
A review of the literature pertaining to offender, crime location, crime type and substrates is 
undertaken for the purpose of investigating areas where further research is required to be 
supplemented by the data provided by the BPS. Ultimately the findings of this study will be 
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utilized to provide criminological data that could help in developing a more efficient system in 
criminal investigations. 
1. INTRODUCTION 
The Republic of North Macedonia is a relatively young country being a successor state of the 
former Yugoslavia in 1991 during the breakup of the former confederation state with a 
population of 2,022,547 and estimates for 2018 ranging from 2,083,160 by the World Bank to 
2,118,945 by the CIA 3, 4. North Macedonia is statistically broken up into 8 regions; Vardar, East, 
Southwest, Southeast, Pelagonia, Polog, Northeast and Skopje region which has the highest 
population compared to the 7 other regions. The Skopje region contains the capital of the same 
name and is the most populated city in the country with the last national census recording a 
population count of 506,9264. The country became a member of the United Nations (UN) two 
years after its independence in 1993 but was admitted with a name Former Yugoslavian 
Republic of North Macedonia (FYROM) 5 as a result of a dispute with Greece over the use of the 
name ‘Macedonia’. In February of 2019 the country was renamed Republic of North Macedonia 
after discussions with Greece6. Between the years of 2013 and 2015 the estimated population 
of the country has only increased by 0.3%7. The country has enjoyed a decrease in the total 
reported crime from 34,436 to 26,069 between the same years. The majority of crime types 
contributing to this are crimes committed against properties. The Macedonian criminal code 
includes crimes that go under this category as Thefts, severe theft, robbery, armed robbery, 
and other criminal offences involving the unauthorized appropriation, use or damage to 
another’s property and/or services8. The criminal code covers an extensive range of crimes but 
contains some mistranslation to more recognizable crimes. An example of this is the use of the 
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term ‘Severe Theft’ under Article 2365 which, for the purpose of this study can be referred to as 
‘Burglary’. Both involves the intent to enter the premises or part of the property as a 
trespasser, the theft being committed in the building or part of in question, and involves the 
breaking or damage to the property as a result.  
Analysis of criminal data provides the possibility of identifying statistically relevant trends in the 
criminality of a specific geographical area. Study of crime statistics are often collected by either 
of two methods. First is the use of victim study which involves the reliance on a sample of 
potential victims’ memory and honesty for the collection of crime data. This can range from a 
specific neighborhood to a national survey. The second option is the use of law enforcement 
reports from data bases of recorded incidences1.  The use of victim studies to collect crime data 
can be limited by the sample size from the area of choosing. Victim studies can be more 
personalized and can help report the prevalence of a criminal offence in a community and 
crimes not reported to the police. However this suffers from lack of collection of victimless 
crimes like illegal drug production and use. Database driven data on the other hand are often 
more reliable as each incidences are recorded but can suffer from under recording. While the 
two methods of data collection vary, the reliability of police crime databases cannot be 
undervalued due to the plethora of information it can provide for the purposes of crime 
statistics studies2. The use of real life criminal data for a criminality study relies on the use of 
police based records of criminal incidences which are not usually readily available to the public 
and thus any opportunity to use police database driven data entries can prove beneficial.  
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A recent article published by the Macedonian SSO reveals a considerable gap in the number of 
reported criminal offences and those that has led to convictions9. In 2015 a total of 26,069 
crimes were reported overall, however the state statistical office estimates that only 10,312 
was convicted in the same year9-10. A major component of the total reported crime statistic is 
composed of crimes against properties which include burglaries, robberies and other theft 
related crimes, making up 61% of all reported crimes. In a similar fashion, of the 10,312 
convictions, crimes against properties had the highest contribution to the overall total with a 
value of 4,296 or 42%10. It is therefore clear that there can be considerable improvement that 
can be undertaken if crime clearance rates can be judged from these figures10.  
In regards to improving the proportion of reported crimes that results in convictions a critical 
component to the investigation can start with the identification of persons of interests (POI) 
which includes perpetrators. Avenues for this approach include the collection of biological data 
from the scene such as DNA and/or impression evidence to be compared with reference 
samples from identified POI’s control prints or from Automated Fingerprint Identification (AFIS) 
databases11. Criminal data of convicted crimes are information not publicly available for the 
analysis of crime data, fortunately Dr. Oklevski Slobodan of the Bureau of Public Security (BPS) 
in The Republic of North Macedonia has collected anonymous criminal data for convicted 
offenders identified through fingerprint identification between the years of 2005 and 2015. The 
data includes the following details of the crime; Crime committed, municipality of incidence, 
establishment where the crime was committed, item where prints are found, finger source of 
print and anonymised code for the perpetrator’s name. Since the dataset only includes details 
of convictions through the identification of prints found in the scene, the dataset cannot be 
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treated as a full representation of crimes or a reflection of convictions in North Macedonia 
within the period. 
AIMS 
As of the 2015 report on reported crime counts and crime convictions in North Macedonia, it 
can be seen that less than half of crimes reported leads to a conviction10. Thus through the 
examination of a collated convicted crime data, it is the aim of this study to critically review 
literature pertaining to crime patterns in relation to variables in the data provided by the 
Bureau of Public Security to suggest areas of study that the data set can be utilized for whilst 
achieving the following aims: 
 Describe trends in the North Macedonian crime data from state literatures on crime. 
 Identify trends in perpetrator criminality in relation to types of crimes committed and 
recidivist behavior. 
 Analyze evidence substrate types containing identifiable fingerprints in crime scenes 
from the latest literatures. 
 An analysis of crime location and crime type distribution in a national level in relation to 
population from published literatures 
Results from the review can potentially direct the analysis of convicted crime data provided by 
the Bureau of Public Security or confirm trends in the literature. Ultimately the results of the 
study may provide information on the investigation of crimes not only in North Macedonia but 





The discussion section will discuss components of the following dataset received from the 
Bureau of Public Security, Macedonia. Also included in this section is a review of existing 
literature as it pertains to the data set’s variables. This includes crime in regions of Macedonia 
and population effects on crime rate, type of crime, evidence types with prints, and offender or 
repeat offenders. 
 
2.1 Crime Statistics in Macedonia from State Released Literature  
 
By the latest published statistical data report by the Macedonian State Statistical Office, a total 
of 21,160 incidences of adult and child perpetrated criminal offences were reported in 2017, a 
slight decrease of less than 1% (0.33%) from statistics the year before12. The State Statistical 
Office defines adult perpetrated criminal offences as a person who has committed a crime who, 
at the time of committing the crime either as a perpetrator, accomplice or accessory was over 
the age of 18 while “child perpetrators” are defined to be under 18 but over 1412. Total 
reported crime trends in the country have shown a decrease since its peak from 2014(37,164). 
Before this decline, the country has experienced an increase in crimes from 2007 to 2014 with 
an average increase of 8.5% peaking in 201410, 12. A consistent trend in crime make-up in all the 
years described is the prevalence of crimes against properties which includes crimes classified 
as theft, robbery, burglaries and similarly described offences. In fact crimes against properties 
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have made up 60% (average of 64.7%) or more of total adult perpetrated crimes between 2006 
and 2017 with 2007 being the only exception (58.9%)10,12 as shown in Table 1.   









    
2006 23,514 14,329 60.9% 
2007 23,305 13,730 58.9% 
2008 26,409 16,207 61.4% 
2009 30,404 20,205 66.5% 
2010 30,004 19,846 66.1% 
2011 31,284 21,956 70.2% 
2012 31,860 22,292 70.0% 
2013 34,436 24,595 71.4% 
2014 37,164 25,745 69.3% 
2015 26,069 15,856 60.8% 
2016 20,502 12,262 59.8% 
2017 20,582 12,816 62.3% 
 
Conviction numbers for adult perpetrated criminal offences against property have predictably 
made up the highest numbers compared to other crime types. However the conviction 
percentage for the total reported crime shows a dip in 2013 before rising again in subsequent 
years. The years following 2013 have seen an increase in conviction rates, however the last 
report have shown evidence of decrease in conviction percentage after 2016 which is also 
reflected in the most prevalent crime type in North Macedonia10, 12 as shown in figure 1. Overall 




















































and 2017 cannot be determined due to the constant increase and decrease of conviction rates 
throughout the period. The main state statistical reports have shown a comprehensive 
tabulation of figures and values throughout the years.  However, to fully understand the causes 
of the constant fluctuations, separate literatures not provided by the state statistics would have 
to be consulted which limits any attempt to define the causes of the fluctuations in reported 
criminal offences. For example, the recruitment of additional 330 police cadets and a further 
appointment of 400 cadets by the Ministry of Interior and the introduction of new standard 
operating procedures in order to improve the standard of investigations and communication 
may have played an integral role in the significant increase in reported crime and conviction 
rate in 201413.  
Figure 1 Calculated Macedonian total crime rate and crimes against properties crime rate from 
state statistical office calculated from the total reported crime divided by total conviction10,12. 
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In the period between 2007 and 2017, population crime rates based on the total reported 
crimes show an increase between the 2007, 2014 period (calibrated per 100,000) while 
subsequent years after 2014 can be seen to have decreased crime rates of about 30% 
(29.7%)7,10,14. A trend similar to figure 1 is also observed when crime rate is calculated per 
100,000s. It would be interesting to have an analysis of the crime rates in each of the 8 
statistical region of North Macedonia to provide information on which region contribute the 
most in crimes and which regions have the most success in suppressing crime as well as 
information on crime per capita per region.  At the time of the writing of this review there are 
currently no known publicly available data that may describe crime statistics in each region of 
the country. However, a 1,982 point data set containing information on offenders convicted 
through the identification of fingerprints in the scene provided by the BPS shows that Skopje 
has the highest crimes with convictions (34%) and the South Western having the least (4%).  
Skopje, despite having the most populated region and most crime is only 4th in convictions per 
100,000 inhabitants using the dataset. In this regard the South Eastern, Eastern and North 
Eastern regions are 1st, 2nd and 3rd respectively in the convicted crimes despite being in the 
bottom four in population size as shown in figure 2.  It is important to note that the figures are 
not representative of the frequency of crimes in each region but are values of the number of 
crime convictions from fingerprint identification, however this is the closest data on crime in 









2.2 Macedonian Bureau of Public Security Data Analysis 
 
Analysis of the information provided by the BPS allows easy access to selected details of all 
offences with identification through fingerprint identification between 2005 and 2015 (1,982 
point data entry). Certain details pertaining to the crimes committed such as offender name 
and precise location of the incidence have been omitted for the purpose of keeping the 
offenders anonymous. To this effect, the following details about the convicted crimes has been 
made available; municipality where the offence occurred, type of building or establishment, 

























Crimes per 100,000 of Macedonian Regions in 
BPS Data. 
 
Figure 2. Crime rate as calculated from 1982 data set of crime convictions from fingerprint 
identification between 2005 to 2015 measured per 100,000 residents of the region. Arranged from 




















print and the perpetrator’s identity in code. By breaking down the data set, a number of 
demographic data can be observed.  
2.2.1 Crime in Regions 
It can be seen that the capital city of Skopje being the most populous city, recorded the most 
crime conviction by fingerprint identification (677, 34.2%) followed by Kumanovo (230, 11.6%), 
Strumica (154, 7.8%), Shtip (136, 6.9%) and Prilep (125, 6.3%). In crime per region, the Skopje 
region predictably have the highest recorded crimes from the data set followed by (in order of 
highest to lowest) the South Eastern, Eastern, North Eastern, Pelagonia, Polog, Vardar, and  
Figure 3. Proportion make-up of the 1982 crime data set of convictions from 
fingerprint identification provided by the BPS. 
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Lastly, South Western as shown in figure 3. The South Western region exhibited the lowest 
frequency despite having the fourth highest population. The four least populated regions 
recorded the highest crime rate (per 100,000) relating to the data set despite having the least 
populations. It remains to be determined if other factors such as population density of each 
regions plays a role in the crime rate. Adding a temporal variable to the data set may also result 
in a more comprehensive analysis of the crime patterns. 
2.2.2 Crime Types 
In the area of crime types committed, the data provided by the BPS on crimes with conviction 
from fingerprint identification from 2005 to 2015, revealed that severe thefts or Burglaries 
made up an overwhelming percentage of 84% (1660  out of 1982counts). This is followed by 
attempted burglary, motor vehicle thefts, unauthorized production and release of narcotics, 
robberies and murders at 3.48%, 3.18%, 2.57%, 2.12% and 1.06%. Crimes categorized by the 
Macedonian Criminal Code as ‘Crimes against Properties’ makes up a large proportion of the 
provided data at 1859 counts or 93.8% of all recorded data. This includes Burglary, attempted 
burglary, motor vehicle theft, robberies, damage to object of others, armed and attempted 
robbery, fraud, blackmail and extortion8. Such a large proportion (93.8%) belonging to ‘crimes 
against properties’ is interesting to see when only around 60% of reported crimes are 
categorized as ‘crimes against properties’ in the total reported crimes each year by published 
government statistics. An investigation into the reason other crime types have such a minor 




2.2.3 Types of Evidence With Identifiable Fingerprint 
Included in the data provided by the Bureau of Public Security are the items or type of items 
where an identifiable fingerprint was found to be used for identification. Further classification 
of this data revealed a large variety of items from pieces of furniture, appliances, paper 
documents, plastic bags and items to broken glasses. Of the 1982 data entries, 381 occurred 
with a major involvement of a vehicle whether it is a part of a scene or the scene itself. The 
other 1601 data entries occurred in establishments such as schools, places of residences, 
commercial spaces, warehouses and some outdoor scenes. For all vehicle based crimes, 39% 
(121) of fingerprints were found on the vehicle’s window glass. This category includes all 
windows from the vehicle from front driver side and passenger side to rear windows. The 
windshield was not included in this category. The actual vehicle’s body components contained 
44% (168 counts) of the fingerprints used for identification in vehicle situated crimes. Of the 
168 prints found on the body, the front doors comprised 42% or 70 out of 168 contained 
fingerprints of the offender. The remaining 17% of total prints from vehicle situated crimes 
were found in a variety of items kept inside the vehicle including, plastic bags, paper 





Figure 4. Proportion of vehicle parts, fingerprints are found in vehicular based criminal incidences. 
 
On the area of the remaining 1601 crimes that occurred in establishments, 35% (498 counts) of 
prints were found on glass items. This classification includes items like pieces of broken glass, 
broken window glasses, glass from doors, and fragments of glasses. After glass items, doors and 
windows make up 11.03% and 10.8% of all prints used for identification respectively making 
doors and windows the second and third most likely items to contain a fingerprint belonging to 




Fingerprint locations lifted from 
vehicular based crimes 
Car Glass Component Car Body and Interior Parts Miscellaneous car contents
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contain fingerprints for identification. Collectively glass, doors and windows make up more than 
half of fingerprints used for identification.  
2.2.4 Offender Data 
Offender data of crimes with conviction from fingerprint identification provided by the Bureau 
of Public Security are limited due to the complete anonymization of the crimes. Overall, 1192 
perpetrators are responsible for 1982 crimes in the data set. One time offenders at the time of 
the collection of data make up three quarters (74.5%) of the offenders in the data with the 
remaining 25% offending more than once. It should be noted that just because an individual is 
convicted of a single crime doesn’t necessarily mean that they have not committed more 
offences than those for which they are charged15. This amounts to only 304 individuals who 
perpetrated 1094 crimes identified through fingerprints between 2005 and 2015. The series of 
reoffending ranges from 2 offences to more persons fitting a serial offender with one individual 
convicted of 36 crimes. The amount of reoffending and the frequency it appears in the data set 
can be seen in table 2. The definition of a serial offender seems to be a topic of debate within 
the field of criminology. Repeat offending or sometimes referred to as recidivism is defined as 
the tendency for an individual to relapse into criminal behavior by the Mirriam-Webster 
Dictionary16. However the definition takes into account a relapse into a previous behavior 
which suggests the introduction of a form of correctional measure such as therapy or 
imprisonment. Offenders committing a criminal offence in succession without getting convicted 
or caught should then be referred to as serial offenders in terms of the data provided since 
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there is no way to know the chronological order of the crimes and when an individual was 
convicted and then reoffended.  
Table 2. Frequency table of the number of reoffending incidences against how many times this occurs 























2.2.5 Defining Serial/Repeat Offenders 
There is currently no concrete value for the number of crimes or victims that is required to fall 
under the category of serial offender. Defining serial offenders as a whole remains to be 
difficult when crimes such as theft and burglary are included under the discussion because 
most serial offending literature focuses more on homicide, rape and other more violent crimes. 
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There has been a variety of studies in serial offending involving crimes such as rape, murder and 
arson suggesting more interest in this field of violent crimes. For example, although there has 
always been interest in serial homicides, in the United States (US), the increase interest in the 
topic of serial homicide came about as a direct result of the 1990s overestimated report on the 
number of serial killers in the US17. However, even in the field of serial killers, there is still a 
disagreement on the number of victims. The Federal Bureau of Investigation, (US) (FBI) defines 
the definition of a serial murderer as the unlawful killing of two or more victims by the same 
offender(s), in separate events as of the 2005 Serial Murder Symposium18. Studies pertaining to 
the number of victims prior to the symposium have described the number of victims ranging 
from two to the globally acceptable three to up the unnecessarily big ten victims18-24. Egger 
(1998) suggests the involvement of killers with a minimum of two victims to be classified as 
serial killers20, while studies such as that conducted by Mott (1999), Godwin (2000) Skrapec 
(2001) and Patel (2015) settles on a three victim minimum20-23 and Dietz (1986) on as big as 
five24. Settling on a minimum threshold of three allows some degree of interpretation of data 
while still covering a sizeable proportion of offenders. Dietz’s number of five can exclude 99% of 
offenders which could be disadvantageous due to the exclusion of key individuals19. On the 
other end, using a minimum limit of 2 can be overly restrictive in the analysis.  
In terms of globally accepted number of victims/offence for an individual to be considered a 
serial offender, the consensus of 3 victims seems to be generally acceptable. This is followed by 
the review of earlier works on serial killers and not serial offenders in generally due to a lack of 
study on serial offending with the inclusion of less violent crimes such as theft and production 
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of narcotics. A minimum of three instances of offending is high enough to allow a pattern if 
there is any to be analyzed but not small enough to be restrictive. 
2.3 Literature Review of BPS Variables 
 
Brantingham and Brantingham (1981) postulates the four following dimensions for a criminal 
event: the law which defines the act to be against it, a motivated offender(s), the victim or 
target and lastly the coming together of the motivation, offender and potential victim or target 
at a geographical reference35. The convergence of all dimensions are all mainly facilitated by 
factors pertaining to the offender and the victim or sometimes referred to as targets. The study 
of the offender has been the topic of a variety of criminology studies. One of the earliest 
theories pertaining this is the rational choice theory which suggests that man is a rational actor 
who weighs the cost and benefit and then makes a rational choice27. Three elements must 
come together, similar to the previous elements: a motivated offender, an available and 
suitable target and lastly a lack of a suitable guardian. The theory tends to focus on the 
offender as a conscious being with motivation. 
2.3.1 Offender Recidivist Behavior  
The idea of why offenders commit crime multiple times is complex. Repeat offending has been 
linked to deviant behavior and delinquency, a concept that has been used by researchers to 
refer to recidivism in the general population including juvenile delinquents36. Little is known 
about a repeat offender’s next crime location in relation to the previous or the rate at which 
repeat offender’s next offence. Ortega-Campos et al. (2016) attempted to describe recidivist 
juveniles in Spain in an attempt to describe factors that affect recidivism. Variables the study 
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looked at included education, substance abuse, physical and mental health, previous trauma, 
familial relationships and antisocial peers which are analysed through a decision tree diagram. 
The study found that criminality in family members; lack of parental supervision and antisocial 
peers was especially noteworthy with antisocial peers being the highest determinant of 
recidivism in the juveniles36. Tidefors et al.(2018) conducted a study in recidivism on 45 male 
juvenile sex offenders who committed their first acts as adolescents. 64% of the participants 
reoffended into similar sexual crimes. Interestingly, 15.5% of the men diverted into other forms 
of criminality. The group who committed a higher degree of offences tended to have had 
parental separation, immigrant background, truancy, alcohol and drug abuse, and a history of 
criminal activity other than sexual37. A study on arsonist recidivism, a first in Australia was done 
by Muller (2008)38. The study found that over 70% of the individuals have offended before, and 
more than half have had a previous conviction and 3% of arson offenders had previous arson 
convictions. Out of the 555 individuals who had prior conviction only a measly 7 were 
exclusively fire setters. This contrasts from the Tidefors et al’s study where most of the 
reoffenders stayed within the realm of their original criminality38. However arson cases are 
relatively difficult to investigate due to the criminal intent to fire being hard to prove and the 
low clearance of arson cases38. As a result there may be cases of arson dismissed as not. 
2.3.2 Recording of Recidivists 
In an international scale, rates of recidivism are studied by Fazel and Wolf (2015) in an attempt 
to develop a standard reporting guideline for recidivism39. The table 3 shows rates for each 
country’s recidivism39. There is evidence that definitions of recidivism are inconsistent.  
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Table 3. Reconviction Rates of various countries with varying selection period, and average period 
before reconviction [39]. 
This is due to the inconsistent inclusion of arrest, conviction and imprisonment or whether the 
sample included arrested, convicted, or imprisoned prisons. Another issue is the inclusion or 
exclusion of certain minor misdemeanors or fines as shown in table 4. Before any accurate 
study of recidivism rate in an international scale, there needs to be a standard form of reporting 
criminal offence for all institutions. 
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Table 4. Inclusion and exclusion criteria from selected countries, showing inconsistencies in global 
recidivism definitions in reported two year conviction rates [39]. 
 
2.3.3 Fingerprints and Substrate Types 
Fingerprint evidence revolutionized the field of forensics with its ability to identify a person due 
to the ridge pattern’s uniqueness for every individual. Secretions on the skin allow a print to be 
deposited onto a surface upon contact with the finger pads. These prints can be latent, patent 
or plastic40. Nowadays, fingerprint records of individuals are digitized inside AFIS to be used for 
comparative purposes11. The surfaces of which fingerprints are left fall under two main 
categories; porous and non-porous although semi-porous surfaces also exist but is not as 
prevalent as the previous two. Porous surfaces have the characteristic nature of absorbing the 
liquid component of the print, making it difficult to lift fingerprints whereas non-porous 
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surfaces retain the print for a longer period of time given environmental conditions do not 
disturb the surface compared to porous items. 
2.3.4 Offender Fingerprints Locations in Crime Scenes 
There is a significant lack of information during the writing of this review on scientific articles on 
the topic of fingerprint evidence location in specific crimes. This is despite the fact that 
fingerprint evidence is one of the most collected types of evidence in a crime scene41. Bond’s 
(2008) study on predictors of whether fingerprint detection can result in the detection of 
volume crime touched on this subject. Two of Bond’s predictors were location of print and 
mobility, both of which were found to be main predictors of the detection of volume crime 
according to the study42. However there is something to be said about the generality of the 
print’s “location” for using the terms ‘inside’ and ‘outside’ as too broad a term. Mobility is 
defined as the capability of the item of which the surface containing the fingerprint belongs to 
be moved around42. For example a bottle is a mobile item while a window would not be 
because of its fixed position. The study’s objective to provide analysis of the most efficient cost-
benefit emphasis on certain aspects that can predict the success of volume crime investigations 
is akin to one of the objectives leading up from this review.  
2.3.5 Crime in Relation to Population Size 
A region’s prevalence to crime is a topic that has been extensively studied in the field of 
criminology. Most crimes occur within a particular location within a time and reason. Within 
the realm of geography, earlier studies in criminology have shown that urban areas have been 
statistically more crime prevalent than rural areas per head25,26.  Ladbrook (1988) looked at the 
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crime rates between rural and urban Japan and have shown three reasons for the higher rate of 
crime in urban environment: population density and urbanization, greater population growth 
and density and differences in the demographics. Urban areas house a younger population 
compared to rural areas25. In rural communities, a focus on the impact of the bond of kinship, 
tradition and neighborliness seem to have a positive effect on keeping crime low whereas 
urban life suggest an increased competition and mutual exploitation26. In a more recent study, 
a 2016/2017 survey in crime rates in England and Wales show inequality in crime rates in urban 
and rural areas. The survey focused on crimes of violence against the person, sexual offences, 
robberies, burglaries and vehicle based offences and found significant differences in all 
mentioned crime types where crime rates and not counts are statistically higher in urban than 
those in rural areas.26.  Another factor on the difference of crime rates in urban and rural areas 
can be related to rational choice theory which suggests cost-benefit, means and ends thought 
process in picking a suitable target with as little effort vs. possible gain which is then related to 
opportunity similar to an equation posit by Danzinger (1976) (figure 5.) to predict level of 
criminal activity27, 31 . Urban areas contain more opportune targets especially in the realm of 
property crime for the reason that there is greater access to the wealthy and have access to a 
Figure 5. Suggested equation for the purpose of 
predicting area criminal activity [31]. 
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greater density of victims without traveling far28. However, cities are highly populated areas 
and as such employ a higher number of law enforcement personnel.  Shouldn’t this act as a 
deterrent for crime in more populated cities compared to smaller towns? In small towns, police 
are able to narrow down the group of potential suspects to a smaller number which then leads 
to quicker arrests28. A theory for a higher crime rate for urban or more populated cities is that 
as the population grows the number of crimes also increase as shown by early research by 
Braithwaite (1975) from the perspective of city population size and Nolan (2004) through 
analysis of both the population size of a city as well as jurisdictions within29, 30. Nolan examined 
the statistical relationship between crime rates of cities in the US in cities with 25,000+ 
populations. The study revealed an overall positive relationship between crime rate and 
population. However, when the cities were divided into population strata and divided into 
crimes against properties and violent crimes, the relationship became more unclear with some 
population grouping having no correlation at all with property and violent crimes30.  It is 
believed that as the number of police grows at the same time as the population but 
apprehension will still be harder due to the pool of potential suspects also increasing which 
shows the rise in crime rate28. To this extent, we can argue that a region or city’s population 
size affects the crime rate. The population studies do not consider policing strategies as a 
variable and should also be investigated. 
2.3.6 Crime and Population Density 
Studies as early as pre-WWII have illustrated the possible positive correlation between crime 
rates and population growth and density. Watts (1931) illustrates an increase crime rate related 
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to the increase of urban population from the influx of migrants from 1901 to 192932. It can be 
argued that a higher population density can promote changes in enforcement and criminal 
behavior as well as an environment more conducive of crime 31. The anonymous nature of an 
unknown perpetrator makes identification of the offender difficult due to the large 
population31. In terms of crimes, persons and properties with a dense population means an 
increased opportunity for a victim31. However, trade-off with a denser population also means 
that there is a higher chance for witnesses to be present31. Another early study on crime rates 
with population density as a variable revealed that in a city with greater population density, 
crimes such as robberies and burglaries are 14% and 6% higher respectively31. In a study by 
Harries (2006), population density as city blocks were analysed in relation to property and 
violent crimes in the city of Maryland, USA showed a positive correlation although weak to 
moderate in strength (0.41 for violent and 0.35 for property crimes)34. The positive correlation 
despite being moderate shows a general idea of the effect of population density in this scale. 
While a bigger geographical area unit may show a slight difference in result, it may still be 
worth investigating. A smaller geographical unit of area could also be a viable future study as 
the smaller the area, the more specific crimes may be due to the nature of the establishments 
present. For example a higher frequency of commercial establishments with a smaller 
residential area may promote one type of crime to another whereas higher residential homes 






Published statistical literature by the North Macedonian state statistical Office shows an overall 
decline of the total reported crime in the whole country from  2006 to 2017 by 12.5% Prior to 
2017 both total reported crime and crime rate has seen similar patterns of decreasing and 
increasing values up to 2017 which may be attributed to law enforcement changes. Majority of 
the crime types that are reported to the police fall under the category of crimes against 
properties, which includes thefts, robberies, burglaries, vehicle theft etc. In fact for every year 
apart from 2007, crimes against properties have made up >60% of total reported crimes in 
North Macedonia. The high rate of crime in the Eastern regions is unusual considering they 
have the least populated regions in the country. The regions of Macedonia are yet to be 
investigated in terms of individual crime type statistics due to a lack of publicly available data in 
order to explain this phenomenon. There are also the constant fluctuation in reported adult 
crimes that makes any interpretation of where crime trends are headed from the past 10 years 
difficult. 
Initial analysis of the 1982 point data provided by the BPS revealed that the region of Skopje, 
being the most populous recorded the most crime compared to other regions. In terms of crime 
types, it is revealed that an overwhelming percentage of convicted crimes came from burglaries 
(84%) with the next most frequent crimes 5%>. The frequency of crimes in relation to the 
regions and time is still to be considered. Objects found in the crime scene, containing the 
fingerprint used for the data set comprised of 35% glass items in non-vehicular crimes and 
windows and doors being the next frequent objects(11.03% and 10.8% respectively). In 
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vehicular based crimes 39% and 44% of prints were found in the car's glass and body 
components respectively. In the area of offender statistics from the BPS data set shows a large 
component of the crime data are made up from single perpetrators (45%). Overall there were 
1192 individuals in the data set, 888 of which only committed one offence, leaving 304 
individuals for the remaining 1094 crimes. The definition of what makes a serial offender was 
reviewed in the literature to  help with future analysis of the dataset. Literatures on the review 
of the number of victims of previous serial killers and other offenders makes it clear that 
minimum of three offence should be used. 
A review of literature pertaining to possible analysis of the variables provided by the BPS was 
undertaken to identify gaps in the literature for possible analysis of the data set. In the topic of 
repeat offenders or recidivist, there seems to be little information on individuals reoffending 
within their previous criminality or to other forms of crimes [36-38]. In terms of recidivist 
recording, there seems to be a lack of consensus on a standard recording of recidivists primarily 
with the question of 'the severeness of the crime'. Does this include misdemeanors and low 
level crimes with fines or does it only cover crimes with jail time[39]?. There are also questions 
as to when an offender should be considered as repeat offending which depends on whether 
the individual was recorded during arrest, conviction and imprisonment. Fingerprint locations in 
the crime scene pertaining to the crime type committed has also received little attention. 
Information on which items are likely to contain fingerprints in certain crimes are yet to be 
extensively studied. In the field of population size and density in relation to crime rates, the 
theory that urban areas receive more crime compared to rural areas have been extensively 
studied [26-30]. A review on the effect of population density on crime rate has revealed a slight 
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albeit significant increase in crime rate of offences such as robberies and burglaries with 
increase in population density. This review identified gaps in knowledge that can be 
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Abstract 
Using a 1982 point data set of criminal data of convicted crimes from fingerprints from the 
Republic of North Macedonia, an evaluation of the distribution of items at a crime scene with 
the convicted perpetrator’s fingerprints is done to show trends and patterns. The disparity 
between the total reported adult perpetrated crime in the country remains as large as it had 
since the mid 90’s. Years after, there seems to be no clear decline in the number of crimes 
perpetrated despite the State Statistical Office’s latest literature showing a recent decrease in 
crime starting from 2013 to 2017. Analysis of the items that contained the perpetrator’s 
fingerprints in crimes against property and illegal narcotic production and sale has been done to 
show trends in most likely items that contain the perpetrator’s fingerprints. In addition to this, 
Items are also analyzed within residential, non-residential and vehicle based locations to show 
prevalence of items to contain offender fingerprints in these locations. Analysis of the study 
using contingency table statistical analysis techniques such as chi-square tests and fisher’s exact 
test as well as post hoc analysis shows glass components, doors, window; all points of entries as 
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well as cardboards and other packaging to be most likely areas of fingerprints in non-residential 
and residential locations. Whilst vehicle based crimes showed the front area of the vehicle to 
be the most likely area for offender fingerprints with the left and right side being equal in 
likelihood. It is the aim of this study to show potential trends in item types where fingerprints 
are found in certain locations and crime types. In addition to this, the study seeks to provide 
recommendations to future data collection for similar studies and found the loss of detail to be 
the most limiting aspect of the data during analysis and interpretation. 
Keywords: Macedonia, State Statistical Office, Crimes Against Property, Residential, Non-




The now called Republic of North Macedonia is a relatively young sovereign country, who separated 
from the former Yugoslavia in 1991. The country’s population as of the last official census recorded a 
population of 2.022 million people in 20021 and international population estimates ranging from 
2,083,160 from the World Bank to 2,118,945 by the CIA2,3. A general increase in total reported crime has 
been observed between the years 2006 to 2015, a period pertaining to this study from 23,514 to 26,069. 
For a period from 2006 to 2013, reported crimes has seen an increase in numbers, which has since 
declined down to 20,582 as of the last 2017 state crime statistic literature4,5. Total reported adult 
perpetrated crimes has been reported by the State Statistical Office (SSO) to be primarily of crimes 
against properties, which is >60% of all total reported crime every year4,5. In 2015 a total of 26,069 adult 
perpetrated crimes were reported, however only 40% of such crimes resulted in convictions. Of the 
convicted crimes, the largest number of convictions belonged under crimes against properties (42%)4,5. 
From 2006 until the latest published crime figures published in 2018, there has been no concrete trend 
on the improvement of conviction rates for reported crimes4,5. It is therefore clear that there can be 
considerable improvement that can be done to increase conviction rates in the country.  
The culmination of a criminal offence in a specific location has been long believed to be the coming 
together of three elements: a motivated offender, an available target and lastly; a lack of a suitable 
guardian, otherwise known as the rational choice theory 6, 7. The location of where this occurs can range 
from residential homes, commercial buildings to outdoor scenes with vehicles as a focal point. Data 
derived from the North Macedonian SSO presents crimes that can be classified into residential, non-
residential which includes community based settings, and vehicle set crimes. Historically, crimes against 
property have been the most recorded crime type in all setting. Similarly, in Australia, crimes against 
properties records the highest frequency in a crime report published in 2013, covering crime statistics 
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from 19968. Residential property crimes from the same report made up 89% (of a total 753,280 crimes 
against property while non-residential locations recorded the remaining 11%)9. In the US, a 2017 report 
by the Federal Bureau of Investigation (FBI) recorded an estimate of 1.4 million burglaries alone with 
60% of it occurring in residential dwellings with commercial burglaries, a component of non-residential 
locations made up the rest of the data10. 
A vital component of any investigation is the identification of persons of interests (POI) for the 
incidence. Biometric biological data such as DNA and/or fingerprint impression evidence are extremely 
valuable and allows investigators to relate evidence from the scene to individuals that could be involved 
in the crime. Fingerprint evidence for example can be compared with reference samples from identified 
POI’s exemplar prints from Automated Fingerprint Identification System (AFIS) databases 11. Historically, 
reduced crime clearance rates could be traced back to difficulty in matching individuals that are related 
to the crime which was originally saved by the ascendancy of DNA technologies and automated 
fingerprint matching which gave law enforcement a new tool in identifying POIs in the scene 12. 
Identification of potential suspects allows the investigation to move along which can lead to the 
perpetrator. It can then be argued that ultimately conviction rates can be improved by identification of 
crime offenders with means such as fingerprint identification. The importance of fingerprint knowledge 
in the solvability of crimes and its contribution to the potential results of the investigation can be seen in 
studies conducted by Antrobus and Pilotto (2016). Experimental officers with increased training in 
fingerprint and DNA evidence as well as increased attendance in scenes lead to higher incidents solved 
and greater evidence collection in a controlled field trial 13. 
The study aims to use Macedonian crime data set from 2005 to 2015 on crimes with convictions through 
perpetrator fingerprint identification to achieve the following objectives. Identify trends in item types 
containing the perpetrator’s fingerprint in the data set. Compare item type occurrence in pertinent 
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crime types from available data. Compare item type occurrence in each location. Provide 
recommendations for future data recording and distribution for future research analysis studies and 
lastly to be able to provide assistance in investigations through the types of item distribution that can 
contain the offender fingerprints as seen in the data set. 
For decades, fingerprint identification has been a powerful means of personal identification. Collection 
of evidence in crime scenes are done through a thorough search system implemented and suggested by 
most if not all law enforcement agencies14. Fingerprint searching often follows phases which first involve 
recognition of patent and plastic prints because they are more visible, this can be enhanced easily by 
light methods such as using an oblique angle at a visible print15. The second phase involves a blind 
search for latent prints. This is narrowed down by focusing on key aspects of the crime scene such as 
points of entries and obvious disturbed or out of place items such as weapons lying about or overturned 
objects15. The type of item or the surface of which fingerprints are found determines the enhancement 
technique that is applied by investigators. This is because latent fingerprint deposits behave differently, 
depending on substrate type which means some techniques are more effective on some surfaces but 
less on others. As a result surface characteristic such as porosity is a major factor when selecting 
fingerprint enhancement techniques. 
There have commonly been two substrate types in terms of surface porosity which is greatly taken into 
account before any enhancement technique is done, porous and non-porous surfaces. Extensive 
research has been done on various enhancement techniques to be used on porous and non-porous 
surfaces to the extent that flow charts have been relied on by investigators for effective step-wise 
enhancement of latent prints for as little loss of DNA as possible 16. Such techniques include using 
Alternative light sources (ALS), fingerprint dusting, chemical methods and use of physical developers [17, 
18, 19, and 20]. Fingerprint enhancement flowcharts generally start with non-destructive methods to more 
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destructive when the situation requires. Fingerprint examinations generally start with visual 
examinations which then proceed to physical development then chemical treatment for porous surfaces 
and fingerprint powders, vacuum metal deposition or chemical treatments for non-porous surfaces20, 21. 
Knowledge on the development of fingerprints in crime scenes have shaped how investigators tackle 
latent prints and has dictated the formation of fingerprinting kits. Items that remains a staple for 
fingerprinting kits includes various brushes, ALS, fingerprint powders, measurement scales, chemical 
enhancement supplies, lift tapes and ten print cards for recording reference samples 22. As a result, 
investigators are ready to tackle most latent print enhancement scenarios. 
There is extensive research pertaining to the detection, development and enhancement of fingerprints 
on various items. However there are very little studies done regarding items with perpetrator prints on 
the scene of the crime. Even rarer is the analysis of real world data set, especially for this purpose. Bond 
(2008), in a similar study looked at fingerprint based determinants for volume crime cases solvability 
and found that factors such as print location and surface mobility to be the most important predictors 
for volume crime detection23.  Certain decisions made for the purpose of finding fingerprints in the 
crime scene has largely been driven by intuition of which items have been handled based on logical 
examination of items in the crime scene and reiteration of possible events that might’ve occurred in the 
scene. A statistical analysis that can support areas of most likely locations of perpetrator fingerprints can 
be beneficial for decision making for areas that may contain the perpetrator’s fingerprints to save time 







Data collection.  
The data set used for this study includes data of crimes committed between 2005 and 2015 from which 
perpetrators are identified and convicted through fingerprint identification. The data set was collected 
as of December 2017 with the inclusion criteria that the perpetrator must be identified by fingerprint 
identification. Permission for the use of the crime data was granted by the Ministry of Internal Affairs of 
the Republic of North Macedonia. Anonymity for individual crime information is paramount for the 
release of the data set and so specific information was omitted to provide maximum anonymity. 
Information provided in the data set included; Municipality of the crime, type of building where it 
occurred, crime committed, item where the fingerprint was found, print finger source, and individual 
codes for anonymity. 
Statistical Analyses 
A comparison of item types from which fingerprints of the perpetrator were done against crime types as 
well as location types to explore the difference in prevalence for such items to have the perpetrator’s 
fingerprints was done. Analyses of the items between building types and between crime types are done 
using Chi-square test of Homogeneity, fisher’s exact test and post-hoc analysis of pertaining statistical 
values to compare the occurrence of items between categories. The Chi-square test of homogeneity is a 
non-parametric test that compares the proportions of two or more categories or populations with 
regards to a variable with two or more categorical outcomes.  The null-hypothesis of the test is to test 
the homogeneity between variables thus Ho = the proportions of variables between categories are 
significantly equal to each other while the alternative hypothesis suggest that there is significant 
difference between the proportions between categories.  
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Categorization of Building/Location type 
Building or location types found in the data set consisted of 46 different locations ranging from 
churches, clothing stores, apartments to vehicles and houses. In an attempt to categorize the locations 
from which the crime occurred into common categories that would cover all locations, the locations or 
building types were categorized into three; First, ‘Vehicular’ crimes which consists of crimes in the data 
set that occurred with or in a motor vehicle such as cars, trucks and motorcycle. Second, ‘Residential’ 
crimes consists of crimes that occurred within properties used for dwelling of individual(s) for an 
extended period of time such as houses and apartments. Lastly, ‘Non-residential crimes’ consists of 
locations of buildings that are not included in the previous categories and are places for the public and 
business such as places of worship, various retail shops, offices, museums etc. 
Crime Types 
Crime types entered into the data set consists of crimes from the Macedonian Criminal Code. 
Analysis of Item Type 
Analyses of comparison of items were done through the use of contingency tables and Chi-square test 
for homogeneity and fisher’s exact test for lower frequency tests. Items found in the crime scene, 
processed for fingerprint enhancements often take into consideration the substrate type of the item. 
Thus, item categories are categorized into porous and non-porous based on general understanding of 
the item’s surface, coded with a porosity number 1 for non-porous items and 0 for porous items and 
tallied, the frequencies of which are compared between the three building or location types in the data. 
Due to the variety of items terms inputted into the data set upon collating the data set, a need to 
categorize the item types as best as possible was required to reduce the total item types in the data 
based on commonly known names for items. For example, washing machines and TVs are classified as 
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appliances and as such categorized into appliances in the data set. Broken glass items such as glass 
components of windows and doors broken in or broken glass components of other times have been 
entered into the data set as ‘broken glass’, ‘broken glass from door’, ‘broken glass from window’, ‘piece 
of broken glass’, ‘glass from window’ etc. to categorize all these common item entries with different 
names as one term, “glass”. Window based entries are classified under the category ‘Window’ to refer 
to fingerprints found on window components that are believed to be non-broken (glass not broken in) 
such as the frame. Similar has been done for items classified as ‘Doors’.  
Results 
The municipality make-up of the crime data set is shown in table 1 including the statistical region each 
municipality belonged to, percentage from the overall data and pertaining population of the 
municipality as of the last official census. The Skopje region contains the capital city of the country with 
the same municipality name. Skopje made up 34% of all crime convictions from fingerprints from 2005 
to 2015, the biggest population of all available municipalities in the data set and also the most 
convictions from fingerprint convictions. The populations of each region greatly varied between 
municipalities from 506,926 in Skopje to as little as 11,890 for Valandovo in the South Eastern region of 
the country.  
 
Table 3. Summary of North Macedonia convictions from fingerprints from 2005 to 2015 per municipality. 
Statistical Region Municipality 
Frequency of crimes 
in data 
Percentage from 
overall data n=1982 
Municipality Population as of last 
2002 census 
Skopje Skopje 677 34.17 506926 
North Eastern Kumanovo 230 11.61 105484 
South Eastern Strumica 154 7.77 54676 
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Eastern Shtip 136 6.87 47796 
Pelagonia Prilep 125 6.31 76768 
Polog Tetovo 97 4.90 86580 
Polog Gostivar 72 3.63 81042 
Eastern Kochani 70 3.53 38092 
South Eestern Ohrid 66 3.33 55749 
Vardar Kavadarci 57 2.88 38741 
South Western Debar 48 2.42 19542 
Pelagonia Bitola 47 2.37 95385 
vardar Veles 46 2.32 55108 
Eastern Probishtip 23 1.16 16193 
South Eastern Gevgelija 19 0.96 22988 
Vardar Sveti Nikole 18 0.91 18497 
South Eastern Radovish 16 0.81 28244 
South Western Struga 14 0.71 63376 
Eastern Vinica 13 0.66 19938 
South Eastern Valandovo 13 0.66 11890 
South Western Kichevo 12 0.61 30138 
North Eastern Kriva Palanka 11 0.56 20820 
Vardar Negotino 11 0.56 19212 
Eastern Berovo 5 0.25 13941 
Eastern Delchevo 1 0.05 17505 
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There is a total 34 different crime types based on the Macedonian Criminal Code that is included in the 
data set. The distribution of crime types committed with convictions is shown in figure 1 from the 1982 
individual crimes with convictions from fingerprint identification. The crime type labeled “severe theft” 
make-up 84% (1660) of the data set with ‘attempt for severe theft’ and ‘taking away a motor vehicle’ 
being the second and third most dominant crime at 4% (69) and 3% (63) respectively. The Macedonian 
criminal code which is publicly available through the internet was used with the  
Figure 2 Summary distribution of crime types in Macedonian data set of convictions from fingerprint 




information gathering and labeling for the production of the data set. In terms of similarity with 
commonly known crimes, severe theft bears the most similarity with Burglary. Similarly, attempted 
burglary can be compared with ‘an attempt for severe theft’ in terms of similarity of elements. ‘Taking 
away a motor vehicle, as the name suggest includes the theft of a motor vehicle. ‘Others’ which makes 
up the last 2% (41) of the crimes in the data set is made up of a variety of crimes from fraud (1), drug 
abuse (1), extortion (1), money counterfeiting (1), to murder (2) and rape (2) etc. all of which have 
frequencies of 5 or less in the data set. Under the classifications of ‘Crimes against Properties’ (CAP) of 
the Macedonian Criminal Code crime types in the data such as ‘severe theft’, ‘an attempt for severe 
theft’, ‘taking away a motor vehicle’, ‘robbery’, ‘damage to objects of others’, ‘armed robbery’, 
‘attempted robbery’, ‘blackmail’ and ‘extortion’, make up 94% of the entire data, leaving 6% of the data 
for non-property related crimes. 
It has been greatly studied that the porosity characteristics of an object greatly determines the 
techniques used for the enhancements of latent fingerprint. Substrate characteristics can be classified 
into porous and non-porous surface characteristics. Analysis between the proportion of porous and non-
porous surfaces in all three types of crimes were conducted as shown in Table 2. Chi square test of 
Homogeneity analysis revealed significant differences in the proportions of porous and non-porous 
items between the location groups (Pearson X2 = 15.191, df = 2, p-value = 0.001; table 2). Proportions of 
porosity between residential and non-residential locations reveal a degree of similarity with the only 
difference between the two, being 0.001. ‘Eyeballing’ the data shows the vehicular category being the 
most out of proportion out of the three even though non-porous items are always the most dominant in 
each case. Comparison of chi-square statistic of each cell shows vehicular porous and non-porous to 
contribute more to the overall statistic. A chi-square test performed on the residential and non-
residential locations revealed no differences between the two locations in terms of surface type 
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proportions (df = 1, p value = 0.0823). For this reason, further statistical analysis of item types was done 
between residential and non-residential locations with vehicular crimes separately analysed. 
Table 4 Porous and Non-Porous items contingency table against location types 
Combined Table P-Value=0.001, Null-hypothesis, rejected 
    Residential Non-Residential Vehicular Total (n) 
Porous Observed 79 104 18 201 
  Expected 69.772 92.590 38.638 201.00 
  Chi-Square stat 1.221 1.406 11.024   




1.105 1.186 -3.320   
Non-Porous Observed 609 809 363 1781 
  Expected 618.228 820.410 342.362 1781.00 
  Chi-Square stat 0.138 0.159 1.244   




-0.371 -0.398 1.115   
Total   688 913 381 1982 
    688.000 913.000 381.000 1982 




































● Miscellaneous items includes all items occuring with frequencies of 10 or below in 
dataset which includes variou randomly  present items such as fixtures, decorations, 
tableware, food, books, toiletries etc. 
●Calculated percentages from total of 913 Non-Residential based crimes. 
Figure 3 Item proportion with perpetrator fingerprint found in Residential based crimes. 
Residential and Non-Residential Crimes 
There is similarity in the item types that is found in residential and non-residential locations. Both 
categories exhibit, in varying degree of frequencies the same four item types that makes up more than 
50% of all items in each location. This includes those categorized as ‘Glass’, ‘Window’, ‘Door’, and 
‘Cardboard/Package’. As shown in figure 2 and 3, Glass items are on top of both categories with 17% and 
43% respectively. In contrast, the second and third placed item for both categories is window and door 
for residential crimes and doors and window in non-residential crimes and cardboard/packaging as the 
fourth for both categories. Items below this vary between the two groups which also reflect the variety 


















































● Miscellaneous items includes all items occuring with frequencies of 10 or below 
in  dataset which includes various household itmes random belongings and house 
fixtures etc. 











Comparison of predominantly seen items in each location showed an expected difference in proportions 
between locations as shown in table 3. The difference in proportion that glass makes up in each 
category is too large which is even evident from ‘eyeballing’ the data. Overall the items between 
locations significantly differ with cardboard/packaging and doors being the two most proportionate 
items between locations (Pearson X2 = 131.399, df = 4, p value = <0.0001; table 3). Post-hoc partitioning 
of doors and cardboard/packaging items reveals a high degree of significant similarity in proportions 
(Pearson X2 = 1.298, df = 1, p value = 0.255). This leaves glass, windows and those labeled as others 
which are items that fall below the top four items in frequencies. Comparison of chi-square statistic of 
Figure 4 Item proportion with perpetrator fingerprints in non-residential crime settings. 
22 
 
cells shows glass items in both locations as the greatest contributors to the observed chi-square value 
(47.02 and 35.43 for residential and non-residential respectively). Comparatively, windows offer a better 
chi-square statistic with 7.86 and 5.92 for residential and non-residential respectively.  
Large positive and negative values of standardized residuals (SR) between glass items in both categories 
shows an increase or decrease level of occurrence compared to calculated expected values of the data. 
A large disproportion can be seen for glass items in both locations with non-residential SR as high as 
5.95 and residential as low as -6.86. The large SR of non-residential crimes indicates a larger occurrence 
of fingerprints on glass items than would be expected by chance, while glass items in residential crimes, 
conversely, have less than what would be expected by chance. ‘Other’ items showed a 4.35 SR for 
residential crimes and a -3.77 for non-residential crimes showing a larger likelihood for perpetrator 
fingerprints to be found in residential crimes than in non-residential incidences. Doors (Residential SR = 
1.01, non-residential SR = -0.88,) and Cardboard/Package (Residential SR = -0.38, non-residential SR = 
0.33) showed no significant variation from the expected values with lower SRs, a similar trend to both 
items’ chi-square statistic. 
Table 5 Contingency table for comparison of item proportions between residential and non-residential crimes 
    




Residential Observed 116 84 103 53 332 688 
  Expected 217.014 75.203 78.211 55.865 261.706 688.000 
  Chi-Square stat 47.019 1.029 7.857 0.147 18.881 74.933 
  
Standardized 
residual -6.857 1.014 2.803 -0.383 4.345   




  Expected 287.986 99.797 103.789 74.135 347.294 913.000 
  Chi-Square stat 35.432 0.775 5.921 0.111 14.228 56.466 
  
Standardized 
residual 5.952 -0.881 -2.433 0.333 -3.772   
Total   505 175 182 130 609 1601 
 
Vehicle Crimes 
Perpetrator fingerprints found in the vehicle for vehicle based crimes was found in a variety of items. 
17% of fingerprints were found on miscellaneous items found inside the vehicle such as paper 
documents, loose bottles, firearms, sunglasses etc. 83% of fingerprints were found on the vehicle’s 
body, and glass components. Glass components of the vehicle includes windows of the vehicle, side 
mirrors as well as all lights while body components refer to all sheet metal components such as doors, 
panels, wheel arches etc. In this regard, the quadrant from which the fingerprint was found is compared 
to determine the most likely area of the vehicle to contain the perpetrator fingerprint. Of the 168 counts 
of body components in the data set, only 99 or 60% specify in the recording, the general quadrant of 
which the fingerprint was found. On the glass component, out of 147 glass component entered in the 
data set only 96 (65%) specify which area of the vehicle or quadrant the glass component belonged to. 
Area or quadrant specific data entries are used in the comparison for perpetrator fingerprint analysis in 
vehicles. Chi-square analysis for homogeneity was performed separately for glass components, another 
for body components and lastly, for both components combined, Table 4 shows chi-square statistic p-
value results for all three tests. The left and right side of the vehicle had similar proportions of front and 
rear areas of the vehicle for the frequency of perpetrator fingerprints. For both sides, the rear area of 
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the vehicle contained significantly less fingerprints than the front area of the vehicle for both glass and 
body components.  
Table 6 Chi-squared test P-values for each statistical test done for comparison of areas of the vehicle on: A. Glass 
components, B. Body components and C. combination of both components. 
Test Performed P Value 
A. Glass components 
Rear vs Front comparison of 
Left and Right side of vehicle 
0.145 
B. Body components 
Rear vs Front comparison of 
Left and Right side of vehicle 
0.306 
C. Combined vehicle 
components 
Rear vs Front comparison of 
Left and Right side of vehicle 
0.08 
 
Chi-square analysis of proportions of fingerprints found in each quadrant for vehicle glass and body 
components are shown in table 5. Fingerprints found in each quadrant for both vehicle components 
show an extremely strong proportional similarity (Pearson X2 = 0.152, df = 3, p value = 0.985; table 5.). 
The similarity between glass and body components are so proportionate even with calculated expected 
values that SR values remain between +/- 0.5 in value showing a high degree of similarity. Table 5, also 
shows an example of how a vehicle’s front area has a higher likelihood in containing perpetrator 
fingerprint. Although the difference in proportion for the front left and right quadrant of the vehicle 
shows increase likelihood that the left side of the vehicle can contain perpetrator fingerprint, albeit 
small in significance. 
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Table 7 Comparison of the vehicle's 4 quadrants for perpetrator fingerprint occurrence on glass and body 
components 
    Glass  Body Total 
Front Left Observed 40 39 79 
  Expected 38.89 40.11 79.00 
  Chi-Square Stat 0.032 0.031 0.062 
  Proportion 0.417 0.394 0.405 
  SR 0.323 -0.323   
Front Right Observed 34 37 71 
  Expected 34.95 36.05 71.00 
  Chi-Square Stat 0.026 0.025 0.051 
  Proportion 0.354 0.374 0.364 
  SR -0.284 0.284   
Rear Left Observed 8 9 17 
  Expected 8.37 8.63 17.00 
  Chi-Square Stat 0.016 0.016 0.032 
  Proportion 0.083 0.091 0.087 
  SR -0.187 0.187   
Rear Right Observed 14 14 28 
  Expected 13.78 14.22 28.00 
  Chi-Square Stat 0.003 0.003 0.007 
  Proportion 0.146 0.141 0.144 
  SR 0.088 -0.088   
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Total   96 99 195 
 
Crimes against Property in Residential and Non-Residential Locations. 
Due to the large proportion that CAP make up in the data (94%), it was decided that there was a need to 
explore the item type differences between CAP that occur in residential vs. non-residential properties. 
However, due to its large proportion in the data, contingency table values ended up being similar to the 
previous contingency table in table 3. A tabulated example of this is shown in figure 4. As can be seen, 
glass values, for example only vary by 1 frequency in residential and 2 in non-residential. In fact, the 
biggest disparity between table 3 and 4 are between the ‘others’ item grouping with a difference of 44 
in residential crimes, thus resulting statistic are similar to the previous test (Pearson X2 = 115.24, df = 4, 
p value = <0.0001; table 6). 
Table 8 Crimes against property item proportions for perpetrator fingerprint between residential and non-
residential locations 
  Glass Door Window 
Cardboard/
Packaging Others Total 
Residential CAP 115 84 102 52 288 641 
Non-Residential CAP 387 91 79 76 268 901 
Total 502 175 181 128 556 1542 
 
Unauthorized production and release for trade of narcotics, psychotropic substances and precursors 
In total, there are 51 incidences of Narcotics crimes from the 1982 fingerprint convictions data set. The 
crime type primarily occurs between two location types, residential and vehicular locations with non-
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residential locations only contributing 2 incidences of narcotic based crime. Residential and non-
residential locations are merged to a general ‘property’ category for the sake of this comparison. 
Fisher’s exact test was done on the item frequency, due to the presence of 0’s and low frequency 
between groups for its higher degree of strength compared to chi-squared tests when dealing with 
lower frequency values. Table 7 shows a contingency table for all available items found in ‘property’ and 
‘vehicle’ based narcotic crimes 
Table 9 Tabulation of items with perpetrator fingerprints found in illegal narcotics based crimes between 
property and vehicle set arrests. 
Narcotic Crime 
Contingency table               
  Adhesive 
Aluminum 
Foil Bags Blinds Bottle 
Car 
Body 
Car front right 
door 
Property 1 3 7 1 1 0 0 
Vehicle 1 2 6 0 1 2 2 
 
                
Cardboard/Package 
Glass 
objects Documents Plastic Electronics Firearms Scales Tableware 
1 2 0 2 0 0 4 3 




Significance by cell (Fisher's 
exact test): p value = 0.029 
      
  Adhesive 
Aluminum 
Foil Bags Blinds Bottle 
Car 
Body 
Car front right 
door 
Property > > > > > < < 
Vehicle < < < < < > > 
Values displayed in red are significant at the 
level alpha=0.05           
 
       
  
Cardboard
/Package Glass objects Documents Plastic Electronics Firearms Scales Tableware 
< > < > < < > > 
> < > < > > < < 
                
 
Both location categories displayed item values of 0, signifying the absence of the item in that location in 
the data set. This is seen by the test as a significant decrease, however this does not provide much value 
in item comparison for fingerprints. Using items with values more than 0 with significant differences, 
there are items such as cardboard/packages and scales. Among the items found in illegal narcotics based 
crimes, bags which includes both plastic bag and other carrier bags are found in both settings in greatest 
quantity compared to others. The test found no significant differences in value for both setting, which 
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makes bags a prime item to be targeted for fingerprint enhancement in this scenario. Significant 
difference between occurrences of fingerprint in scales can be seen between properties and vehicle 
based narcotic crimes where fingerprints are less likely found on scales in vehicle based arrests whereas 
cardboard/packaging contained significantly less fingerprints of perpetrators in property arrests.  
Discussion 
The main objective of this study was to analyze Macedonian criminal data of convictions from 
fingerprint identifications to identify trends in item types for the most frequent crime types and location 
types. The study has shown that certain items occur at a higher frequency than others in terms of crime 
types and location types. It was found, through the use of chi-square statistical tests for homogeneity 
and post hoc analysis that items containing the perpetrator’s fingerprints such as glass components, 
windows, doors and cardboard/packages occur at a different frequency between residential and non-
residential properties. It has also been demonstrated that particular areas of the vehicle has been seen 
to more likely contain perpetrator fingerprints.  
It should be noted that the closeness of frequencies between contingency table for table 3 and 6 as well 
as figure 1 shows a majority of crimes involved in this data set are crimes against properties such as 
burglaries, robberies and theft with other crime types at 1% or below. The only crime type above 1% is 
illegal narcotics based crimes at 3%. This large number of CAPs tends to wash over the dataset and 
undervalue the proportions of other crimes and so analysis of the trends that may be present in other 
crime types such as murders, and rape because of underrepresentation in the data set. Due to this, the 





Residential and Non-Residential Crimes 
The analysis of items between residential and non-residential items containing perpetrator fingerprints 
showed a huge disparity in difference between proportions of the items. In terms of residential crimes, 
the top items with perpetrator fingerprints are more evenly distributed within the data for residential 
locations compared to non-residential crimes. Glass components are more likely to be an item of 
interest when it comes to non-residential located crimes at 43% with the next items doors, windows and 
cardboard/packaging at 10,9 and 8% whereas residential crimes clock in at 17, 15, 12 and 8%. Despite 
the differences in percentages the 4 items are a recurring item for both locations. Glass components, 
doors and windows can generally be attributed to points of entries. The fact that prints are left on points 
of entries may signify a lack of planning for offenders because of the simple reason that points of entries 
are generally one of the first areas an offender can come in contact with 10. This is not surprising as past 
research suggests that burglaries (a crime that makes up 84% of the data set) are usually unplanned, 
speculative and opportunistic in nature 24. A high positive value for the standard residual for glass 
components in non-residential crimes suggest a higher likelihood for glass components to contain the 
perpetrator’s fingerprints compared to that should be expected from chance. Using the standardized 
residuals to show higher likelihood for a cell value can be beneficial because it demonstrates strength of 
difference between the calculated expected outcomes and the observed outcomes 25. A contingency 
table such as that used in the study uses a SR of +/- 3 to show a strong difference as suggested by 
Sharpe (2015)26. 
The existence of cardboard/packaged items in both location types suggest a similarity in offender 
thinking. Items that fall under this category of items in the data set includes cardboard boxes that could 
contain various items of interests; more specific items such as watches, shoes, cameras and phones etc., 
items that can be of value.  
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Raw numbers of occurrence of non-residential crimes are also 1.5x more than residential crimes 
showing some preference over non-residential areas over residential ones. A theory for this can be a 
lack of attachment to another person and therefore, offenders can justify their actions easier 10, 27. This 
comes with the reasoning that, because a personal home isn’t targeted, there is reduced victimization 
present and therefore reduced sentences with higher profitability over residential targets. This 
reasoning excludes crimes such as murders, homicides, rape and other violent, life threatening crimes 
but like mentioned before, the high frequency of the crimes against properties washes over other crime 
types.  
Vehicular Based Crimes 
Analysis of fingerprints found in vehicle based crimes divided the items or surfaces from which 
fingerprints were found into three categories: Glass components, body components and miscellaneous 
items. Glass components included all glass based surfaces of the vehicle such as windows, windscreen 
and in some instances, vehicle lights. Body components included body parts of the vehicle such as doors, 
panels, and door handle etc. Analysis of occurrence of each quadrant of the vehicle for perpetrator 
fingerprints showed that the front area of the vehicle is seen as a more likely target for an offender as 
an avenue for the vehicle. This would intuitively make sense due to the proximity to the driving console 
of the vehicle when it comes to motor vehicle thefts and severe thefts involving a vehicle which makes 
up 76% of the crimes involving vehicles. In terms of body and glass components that fingerprints are 
found, there is no significant difference between frequencies from which fingerprints are found in both 
areas (table 5). This may plainly be a case of which area is tested first before the other, however the 
standardized residual for both components remain below 1 which makes any differences insignificant. A 
significant similarity that should be noted is the similarity in total glass and body components with 
fingerprints of the perpetrator. Past studies on motor vehicle crimes found a preference for an offender 
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for a window based avenue of entry to a vehicle 28,29, however the data suggests otherwise with equal 
frequency for windows and body components which includes doors. 
A comparison of the left and right side of the vehicle for fingerprints showed no significant differences 
between the two sides. There seem to be a substantial gap in knowledge involving patterns of motor 
vehicle theft point of entry with most research looking at stolen vehicle demographics and area from 
where they are stolen. Motivation to break into a vehicle can be to steal an item visible from outside or 
to take away the vehicle. Depending on which is the reason to get into a vehicle, the area of the vehicle 
with fingerprints are determined.   
Unauthorized Production and Release for trade of Narcotics, psychotropic Substances and Precursors  
The next most prominent crime type in the data set is the unauthorized production and sale of narcotics 
which makes up a small 3% of the data with limited incidences compared to crimes against properties. 
Fisher’s exact test reveals a difference in proportion of items between properties based settings for the 
crime compared to those found in vehicles. The most significant items of interest are the 
cardboard/packages as well as scales which can be seen from table 7 as the only significant items that 
doesn’t contain a 0 in the opposing category. 
Differences in values can be explained by the general use of such items in a narcotic production and 
distribution sense. In terms of scales in properties, there is less reliance for perpetrators to use scales in 
vehicles on the way to distribution. The lower frequency of the item In vehicles can also be explained by 
the fact that there is no need for a weighing scale to be carried in a vehicle as the product is transported 
compared to the production stage which usually takes place inside properties. In terms of packaged 
items in properties being significantly less, finding more fingerprints on packaging inside vehicles can be 
explained by the packing and handling action of the perpetrator onto a vehicle. It can be argued that 
packaging can also be done inside properties, however in a vehicular setting, packaged items need to be 
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carried onto the vehicle. However this is just speculations and theories based on what items are 
generally used for. 
Analysis Limitations and Future Recommendations 
The analysis of the overall data, starting from the item categorizing step has been limited by the lack of 
detail provided in the data set. There is a need for items to be better described when collecting data to 
justify certain categorizations that an item has been placed under. At times there is a variety or rather a 
lack of specificity in certain data entries that would make categorizing one item easy while another more 
difficult. An example of this can be found at times where some data entries merely say ‘car door’ which 
can be anything between the 4 doors a vehicle may have whereas another entry may say ‘driver side 
door’ which can be easily classified as the front left door of a vehicle (left hand drive country). Another 
example is the entry of ‘bag’ in the data set which ranged from plastic bags to red bag or zipper bag. The 
latter can be identified as a more traditional bag such as a rucksack or purse, however terms such as ‘red 
bag’ creates confusion due to other entries such as plastic bags and black plastic bags where the ‘red  
bag’ can then be assumed to either be plastic or a carrier bag like a sling bag. Specificity and additional 
description of items should be included in future iterations of similar data sets for a more detailed 
analysis of the data. 
Future iterations of the existing data set can also include key words for perpetrator’s modus operandi 
(MO). The presence of individual codes for each offender can be utilized this way to see variations in the 
person’s MO for each location which will utilize already existing data on crime locations and crime types 
(especially burglaries) as discussed in this study. This can complement existing studies on the MO of 
crimes against properties and in some cases, other types of crimes such as violent crimes including 
murders, homicides, assaults, rape etc. all, lacking in detail for this study to properly evaluate from the 
data set. A focus on the crime types of individuals could also be done to properly study development of 
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the offender’s MO. In terms of crimes against properties such as severe thefts or burglaries, additional 
information such point of entry, broken down or lock picked, items stolen and location of item can be 
included to analyze trends in the MO of offenders and what items offender’s deem valuable. Other 
details not pertaining to the current study but can still benefit the data set and future studies involving it 
can also include, temporal variables of the crimes as well as a more specific geographical location 
compared to that in table 1, describing whole municipalities of Skopje. 
Conclusions 
The purpose of the study was to identify trends in the data set provided by the Macedonian SSO in 
regards of items with perpetrator fingerprints. In addition to this, the study aims to provide some 
recommendations to data gathering and distribution for analysis from the trends identified from the 
results elaborated in the discussion section. It was found that non-residential locations and residential 
locations both contain prime perpetrator fingerprints in areas that can be considered points of entries. 
However, non-residential shows increase likelihood to contain offender fingerprint in areas where glass 
components are broken in such as glass components of broken windows and doors as well as some 
pieces of glass. In terms of vehicle related crimes such as motor vehicle thefts and severe thefts 
involving vehicles, offender fingerprints have a higher likelihood of being found in the front half of the 
vehicle. Interestingly, with most vehicles being left hand drive; there seem to be an equal likelihood for 
fingerprints to be found in the front right and front left area of the vehicle. This study also highlights 
some limitations that limited possible analyses that could come from large crime data sets such as this. 
Additional detail that is discussed in the study could be implemented for a more focused approach to 
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